The Effects Of Protein And Energy Supplements On Rumen Metabolism In Sheep Fed Guinea Grass Ad Libitum by Jetana, Thongsuk
 
 
 
 
 
 
UNIVERSITI PUTRA MALAYSIA 
 
 
 
 
 
THE EFFECTS OF PROTEIN AND ENERGY SUPPLEMENTS 
ON RUMEN METABOLISM IN SHEEP FED GUINEA GRASS 
AD LIBITUM 
 
 
 
 
 
THONGSUK JETANA 
 
 
 
 
 
FPV 1996 3 
THE EFFECTS OF PROTEIN AND ENERGY SUPPLEMENTS 
ON RUMEN METABOLISM IN SHEEP FED GUINEA GRASS 
AD LIBITUM 
By 
THONGSUK JETANA 
MASTER OF SCIENCE 
UNIVERSITI PERTANIAN MALAYSIA 
1996 
THE EFFECTS OF PROTEIN AND ENERGY SUPPLEMENTS ON 
RUMEN METABOLISM IN SHEEP FED GUINEA GRASS 
AD LIBITUM 
By 
THONGSUK JETANA 
Thesis Submitted in Fulfillment of the Requirements for 
the Degree of Master of Science in the Faculty of 
Veterinary Medicine and Animal Science 
Universiti Pertanian Malaysia 
May 1996 
ACKNOWLEDGMENTS 
I would like to express my appreciation and sincere gratitude to Dato) 
Professor Syed Jalaludin Syed Salim, Vice Chancellor ofUniversiti Pertanian Malaysia 
and Professor M. Kamonpattana, Director, the Uses of Nuclear Technology to 
Improve Reproductive Efficiency of Cattle and Swamp Buffalo Project, Faculty of 
Veterinary Science, Chulalongkom University for allowing me to pursue my Master of 
Science degree at UPM. 
I would like to express my special appreciation and sincere gratitude to my 
committee members, Associate Professor Dr. Norhani Bt Abdullah, Professor Dr. Ho 
Yin Wan and Associate Professor Dr. Ridzwan Abd. Halim for their valuable guidance 
and advice throughout this study and in the preparation of this thesis. 
I am also indebted to Associate Professor J.y. Nolan of the Animal Science 
Department, University of New England, Armidale, Australia, for helping me to 
calculate the digesta flow by using the two marker method and for his helpful 
discussions in this study. 
Appreciation is extended to Dr. Nadzariah Cheng bt Abdullah for the surgical 
preparation of the animals. 
The technical assistance of Khairul Kamar Bakri, Barkeri bin Abd. Rahman, 
Ibrahim bin Mohsin and Saparin bin Demin is gratefully acknowledged. 
I would like to thank the Malaysian government for a research grant under the 
Research Programme "Increasing Livestock Productivity Through Nutritional 
11 
Improvement, " the Graduate School of UPM and also Dr. Hiroshi Kudo, Japanese 
International Research Center for Agricultural Science (JIRCAS), Tsukuba, Japan, for 
partial financial support and Associate Professor Dr. Abd. Razak Alimon, the 
Department of Animal Science for providing the laboratory facilities. I would also like 
to thank Chulalongkorn University for granting me the study leave. 
Finally, I wish to express my deepest gratitude to my beloved mother, Sudjai 
JETANA and my lovely wife, Oranut JETANA for their support and encouragement 
and I would like to dedicate this study to my son, Unnob. 
111 
TABLE OF CONTENTS 
Page 
ACKNOWLEDGMENTS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
LIST OF TABLES. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .  VI11 
LIST OF FIGURES. . . .  .......... ................................................... .... ... X11 
LIST OF ABBREVIATIONS. . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . .  . . . . . . . . . .  XlV 
ABSTRACT. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  XVI 
ABSTRAK.. . ..... ....... .... ......... ............... .......... ...... ................. .......... XlX 
CHAPTER 
I 
II 
INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 1 
LITERATURE REVIEW . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Tropical Forages. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 
Feeding and Supplementation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 
The Effect of Protein Supplement. . . . . .  . . . . . . . . . . .  7 
The Effect of Energy Supplement. . . . . . . . . . . . . . . . .  9 
Rumen Microorganism and Their 
Metabolism. . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1  
Rumen Microbes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 
Rumen pH. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12  
Volatile Fatty Acids (VFA). . . . . . . . . . . . . . . . . . . . . . . . . . .  13 
Rumen Ammonia. . ........ ............. ................... 14 
iv 
III 
Page 
Rumen Microbial Protein Synthesis . . . . . . . . . . . . . . . . . . . .  . . .  14 
Factors Affecting Rumen Microbial Protein 
Synthesis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . .  1 5  
Protein Sources. . ... . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5  
Energy Sources. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6  
Other Factors. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17  
Methods for Determining Rumen Microbial Protein 
Synthesis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18  
Direct Method. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . .  1 8  
Indirect Method. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .  20 
Efficiency of Microbial Growth. . . . . . . . .. . . . . . . . .... . . . . . . . . . .  22 
MATERIALS AND METHODS . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Animals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
E ·  . xpenmentatIon . . . . . . . . . ...... . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . .  . 
Study I In Sacco Degradability of 
Feeds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . .  . 
Study II Rumen Fermentation and 
Microbial Population . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Study III Feed Intakes and Digestion, 
Nutrients Flow and Rumen Nitrogen 
Metabolism . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
v 
23 
23 
23 
25 
27 
30 
IV 
V 
Page 
Chemical Analysis. . . . . . . . . . . ... . .. .............. . . . . . .......... . . . . .  36 
Calculation. . . . . . . . . . . . . . .............. . .......... . . .. . . . . . . . . . . . ........ 42 
Nutrients Flow Through the Duodenum........ 42 
Digestibility of Nutrients and Microbial 
Efficiency....... . . . . . .. . . . . . ....... . .... . . ... . ... . . .... .. ...... 43 
Rumen Liquid Dilution Rate and Rumen 
Volume.. . . . . . . . . . . . .. . . . . . ....... .... . . ... . .... . . .. . . . . ... . . . . .  45 
Statistical Analyses. . . .. .. . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45 
RESULTS AND DISCUSSION ............ ... . . . .. . . . . . . . .  . 47 
Results. . .. ........ .... . . . . . . . ..... ..... . . . ............. . . . . .. . . . ........ . .. 47 
Composition of Feed and Diets........... . . . . . . . . .  47 
Study I In Sacco Degradability of 
Feeds. ....... . . . . . . . . . . . . .. .. . . ....... ..... ............ . . . . . . .. . .  48 
Study II Rumen Fermentation and 
Microbial Population .... ....... . .. . . .. . . . . . . . . .......... 76 
Study III Feed Intakes and Digestion, 
Nutrients Flow and Rumen Nitrogen 
Metabolism........ . ... . . . . . . . . . . . . ... . . . . .................. . .  88 
GENERAL DISCUSSION AND CONCLUSION . . .  122 
BIBLIOGRAPHY. . . . . . . . . . . ..... . . .. . . . . . . .. . . . .. . . .. . .. . . . . . . . . . . . . . . . ................ . . . .  130 
APPENDIX 
A Determination of Starch . . . . . ... . . . . . . . . . . . . . . . . . .. ......... . . 1 5 1  
B Determination of Gross Energy . . . . . . . . . . . . . . . . . . . . . . . . . .  . 1 53 
VI 
C 
D 
E 
F 
G 
H 
I 
Calculation of Ture Digesta and Microbial 
Protein Flow Through the Duodenum by Double 
Markers Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
To Calculate Potential Degradability (a+b) and 
Disappearance Rate (c) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Fixing of Protozoa with Methylgreen-Formalin-
Saline Solution ( MFS). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Culturing of Anaerobic Rumen Bacteria . . . . . . . . . . . . .  . 
Most Probable Numbers (MPN) . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Calculation of Total Energy ofVFA (MJ) 
Produced in Rumen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Additional Figures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Page 
1 55 
160 
161  
163 
167 
169 
174 
VITA. . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  175 
VB 
LIST OF TABLES 
Table 
1 Priorities Considered for Nutrition Supplementation in Diets 
Page 
Based on Crop Residues and Tropical Crops. . . . . . . . . . . . . . . . . . . . . . . . .  7 
2 Supplements Offered . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24 
3 Rotation of Animals and Diets in A Latin Square Design. . . . . . .  24 
4 Activities Carried 0Ut. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 1  
5 Chemical Analysis of Feeds (% based on DM basis). . . . . . . . . . . . . .  48 
6 Amount of Supplements Provided Daily Per Animal (Fresh 
Weight). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  49 
7 Percentages Dry Matter (DM) Disappearance and 
Degradation Parameters (a, b, a+b and c) of Fish Meal and 
Soybean Meal in Sheep Fed Guinea Grass a Basal Diet with 
Different Protein and Energy Supplements . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 1  
8 Percentages Organic Matter (OM) Disappearance and 
Degradation Parameters (a, b, a+b and c) of Fish Meal and 
Soybean Meal in Sheep Fed Guinea Grass a Basal Diet with 
Different Protein and Energy Supplements . . . . . . .  . . . . . . . . . . . . . . . . . . . . 52 
9 Percentages Nitrogen (N) Disappearance and Degradation 
Parameters (a, b, a+b and c) of Fish Meal and Soybean Meal 
in Sheep Fed Guinea Grass a Basal Diet with Different 
Protein and Energy Supplements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  53  
1 0  Percentages Dry Matter (DM) Disappearance and 
Degradation Parameters (a, b, a+b and c) of Paper Pulp in 
Sheep Fed Guinea Grass a Basal Diet with Different Protein 
and Energy Supplements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  58  
1 1  Percentages Organic Matter (OM) Disappearance and 
Degradation Parameters (a, b, a+b and c) of Paper Pulp in 
Sheep Fed Guinea Grass a Basal Diet with Different Protein 
and Energy Supplements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59 
Vlll 
Table 
1 2  Percentages Disappearance and Degradation Parameters (a, 
b, a+b and c) of Guinea Grass DM in Sheep Fed Guinea 
Grass a Basal Diet with Different Protein and Energy 
Page 
Supplements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  _ 62 
13  Percentages Disappearance and Degradation Parameters (a, 
b, a+b and c) of Guinea Grass OM in Sheep Fed Guinea 
Grass a Basal Diet with Different Protein and Energy 
Supplements. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  63 
14  Percentages Disappearance and Degradation Parameters (a, 
b, a+b and c) of Guinea Grass NDF in Sheep Fed Guinea 
Grass a Basal Diet with Different Protein and Energy 
Supplements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  64 
1 5  Percentages Disappearance and Degradation Parameters (a, 
b, a+b and c) of Guinea Grass ADF in Sheep Fed Guinea 
Grass a Basal Diet with Different Protein and Energy 
Supplements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  65 
1 6  Percentages Disappearance and Degradation Parameters (a, 
b, a+b and c) of Guinea Grass Nitrogen (N) in Sheep Fed 
Guinea Grass a Basal Diet with Different Protein and Energy 
Supplements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . .  . . . . . . . . . . . . . . . . .  66 
17  Rumen Fluid pH of Sheep Fed Guinea Grass as a Basal Diet 
with Different Protein and Energy Supplements . . . . .  . . . . . . . . . . . . . .  78 
1 8  Total VFA (mM) and Molar Proportion of VFA (%) in 
Rumen Fluid of Sheep Fed Guinea Grass as a Basal Diet 
with Different Protein and Energy Supplements. . . . . . . . . . . . . . . . . . . .  79 
19  Ammonia-N (mg-NIL) Concentration in Rumen Fluid of 
Sheep Fed Guinea Grass as a Basal Diet with Different 
Protein and Energy Supplements. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 1  
20 Protozoal Counts (105 per mI.) in Rumen Fluid of Sheep 
Fed Guinea Grass as a Basal Diet with Different Protein and 
Energy Supplements. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .  83 
IX 
Table 
21 Total Number Viable of Bacteria and Percentages of 
Cellulolytic Bacteria of Sheep Fed Guinea Grass as a Basal 
Page 
Diet with Different Protein and Energy Supplements. . . . . . .  . . . . . .  85 
22 Rumen pH, Rumen Ammonia-N and Volatile Fatty Acid 
(VFA) Concentration in Rumen Fluid of Sheep Fed Guinea 
Grass as a Basal Diet with Different Protein and Energy 
Supplements. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . .  89 
23 Chemical Composition of Pooled Mixed Rumen Bacteria 
(%) and Ratios Between Total Purines Ratio Versus 
Bacterial N, Bacterial DM and Bacterial OM of Sheep Fed 
Guinea Grass as a Basal Diet with Different Protein and 
Energy Supplements. . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  91 
24 Dry Matter (DM) Intake (DMI), Digestion and Flow of DM 
from Sheep Fed Guinea Grass as a Basal Diet with Different 
Protein and Energy Supplements. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  93 
25 Organic Matter (OM) Intake (OMI), Digestion and Flow of 
OM from Sheep Fed Guinea Grass as a Basal Diet with 
Different Protein and Energy Supplements. . . . . . . . . . . . . . . . . . . . . . . . . . . .  95 
26 Neutral Detergent Fibre Intake (NDF), Digestion and Flow 
ofNDF from Sheep Fed Guinea Grass as a Basal Diet with 
Different Protein and Energy Supplements. .. . . . . . . . . . . . . . . . . . . . . .. . .. 97 
27 Acid Detergent Fibre Intake (ADF), Digestion and Flow of 
ADF from Sheep Fed Guinea Grass as a Basal Diet with 
Different Protein and Energy Supplements. . . . . . . . . . . . . . . . . . . . . . . . . . . .  99 
28 Nitrogen (N) Intake, Digestion and Flow of N and 
Nitrogenous Compounds from the Rumen of Sheep Fed 
Guinea Grass as a Basal Diet and with Different Protein and 
Energy Supplements. . . . . . . . . . . . . . . . .. . . . . . . . . ... . . . . . . . . . . . ......... ..... . . . ... . 101  
x 
Table 
29 Means for Nitrogen Rumen Degradability, Rumen Microbial 
Efficiency, Rumen Liquid Dilution Rate and Rumen Volume 
of Sheep Fed Guinea Grass as a Basal Diet with Different of 
Page 
Protein and Energy Supplements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  1 03 
30  Protein and Energy (E) Ratio and Efficiency of Microbial 
Cell synthesis in the rumen Sheep fed Guinea grass as a 
Basal Diet with Different Protein and Energy Supplements. . 1 06 
3 1  Most Probable Number (MP N). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . .  167 
32 The Energetic Values of Volatile of Fatty Acids. . . . . . . . . . . . . . . . . . . .  171  
Xl 
LIST OF FIGURES 
Figure 
1 Percentage Disappearance in DM of Fish Meal and 
Soybean meal in the Rumen of Sheep Fed Various 
Page 
Supplements at Various Times of Incubation . . . . . . . . . . . . . . . .  54  
2 Percentage Disappearance in OM of Fish Meal and 
Soybean meal in the Rumen of Sheep Fed Various 
Supplements at Various Times of Incubation . . . . . . . . . . . . . . . .  5 5  
3 Percentage Disappearance III N of Fish Meal and 
Soybean meal in the Rumen of Sheep Fed Various 
Supplements at Various Times of Incubation . . . . . . . . . . . . . . .  56 
4 Percentage Disappearance in DM of Paper Pulp in the 
Rumen of Sheep Fed Different Pritein Diets at Various 
Times of Incubation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60 
5 Percentage Disappearance in OM of Paper Pulp in the 
Rumen of Sheep Fed Different Pritein Diets at Various 
Times of Incubation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 1  
6 Percentage Disappearance in DM of Guinea Grass from 
Nylon Bag III the Rumen of Sheep Fed Various 
Supplements at Various Times of Incubation . . . . . . . . . . . . . . . .  67 
7 Percentage Disappearance in OM of Guinea Grass from 
Nylon Bag III the Rumen of Sheep Fed Various 
Supplements at Various Times of Incubation . . . . . . . . . . . . . . . .  68  
8 Percentage Disappearance in NDF of Guinea Grass 
from Nylon Bag in the Rumen of Sheep Fed Various 
Supplements at Various Times of Incubation . . . . . . . . . . . . . . . .  69 
9 Percentage Disappearance in ADF of Guinea Grass from 
Nylon Bag III the Rumen of Sheep F ed Various 
Supplements at Various Times of Incubation . . . . . . . . . . . . . . . .  70 
xii 
Figure 
1 0  Percentage of N Disappearance of Guinea Grass in the 
Rumen of Sheep Fed Various Supplements at Various 
Page 
Times of Incubation . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . .  72 
1 1  Rumen pH of Sheep Fed the Four Dietary Treatments at 
Various Times After Feeding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77 
12  Total Rumninal VFA of Sheep Fed the Four Dietary 
Treatments at Various Times After Feeding . . . . . . . . . . . . . . . . . .  80 
13 Total Rumninal Ammonia-N of Sheep Fed the Four 
Dietary Treatments at Various Times After Feeding . . . . . .  82 
14 Protozoal Population in the Rumen Fluid of Sheep Fed 
the Four Dietary Treatments at Various Times After 
Feeding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  84 
1 5  Relationship Between Urinary Allantoin-N and DDMI 
1 14 
16  Relationship Between Rumen Fluid Dilution Rate 
Microbial Protein Synthesis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 19 
17  Relationship Between Microbial Protein Efficiency and 
NSC:RDP Ratio ; Microbial Purines and NSC:RDP 
Ratio. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  174 
xiii 
AOAC 
ANOVA 
ARC 
GLM 
NRC 
SAS 
Kg 
g 
mg 
J.l.g 
ppm 
L 
m1 
,.u 
DM 
OM 
ADF 
NDF 
DMADR 
DMTDR 
OMADR 
OMTDR 
DD11I 
LIST OF ABBREVIATIONS 
- Association Official Agricultural Chemists 
- Analysis of Variance 
- Agricultural Research Council 
- General Linear Model 
- National Research Council 
- Statistical Analysis System 
- Kilogram (s) 
- Gram (s) 
- Milligram (s) 
- Microgram (s) 
- Part Per Million 
- Liter (s) 
- Milliliter (s) 
- Microlilter (s) 
- Dry Matter 
- Organic Matter 
- Acid Detergent Fibre 
- Neutral Detergent Fibre 
- Dry Matter Apparently Digested in the rumen 
- Organic Matter True Digested in the rumen 
- Organic Matter Apparently Digested in the rumen 
- Organic Matter True Digested in the rumen 
- Digestible Dry Matter Intake 
xiv 
DOMI - Digesl1ble Organic Matter Intake 
NAN - Non Ammonia Nitrogen 
NANM-N - Non Ammonia Non Microbial-Nitrogen 
VF A - Volatile Fatty Acids 
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A series of studies based on the 4 x 4 Latin square design was conducted to 
determine the effects of protein [fish meal (FM) or soybean meal (SBM) ] and energy 
[paper pulp (PP) or com flour (CF)] supplements on sheep fed guinea grass ( 1 .7 % N 
content) ad libitum. The dietary treatments arranged in 2 x 2 (protein x energy) 
factorial were: FM+PP; FM+CF; SBM+PP and SBM+CF. 
Three sets of studies were carried out. They were in situ degradability of 
feeds; rumen fermentation pattern and microbial population and feed intakes and 
digestion, nutrients flow and rumen nitrogen metabolism. 
In the first study, in situ experiment showed that the degradation of DM, 
OM and N of SBM were significantly (P<O.05) higher than that ofFM. The percentage 
losses of DM, OM, NDF, ADF and N of guinea grass were significantly (P<O.05) 
lower in sheep fed CF at 12 h incubation. The rates of degradation 'c' of DM, OM, 
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NDF and ADF of guinea grass were lowest in sheep fed the highly degradable protein 
and carbohydrate in the rumen (SBM+CF). The rate of degradation 'c' of N of guinea 
grass was enhanced by the highly degradable fibre (PP). 
In the second study, rumen pH was significantly (P<O.05) lower at 3 h after 
feeding in sheep fed CF when compared to sheep fed PP supplements. Molar 
proportions of acetate were greater (P<O.05) for sheep fed PP than sheep fed CF. 
Sheep fed SBM+CF showed significantly (P<O.05) higher ammonia-N concentration at 
o and 9 h after the onset of feeding when compared to sheep fed other diets. The 
concentrations of ammonia-N were significantly (P<O.05) higher in animals fed SBM 
supplements. The numbers of protozoal counts of rumen fluids were significantly 
(P<O.05) lower in animals fed FM+PP when compared to sheep fed other diets. The 
number of viable bacteria tended to be high (P<O.07) in sheep supplemented with FM 
when compared to sheep fed other diets. 
In the third study, sheep fed SBM tended (P<O.06) to be greater in post 
rumen DM digestion and higher (P<O.13) in total tract DM digestion. Microbial DM 
flow passing through the duodenum was greater (P<O.04) and rumen microbial OM 
flow through the duodenum tended (P<O.06) to be higher in animals supplemented 
with CF than in animals supplemented with PP. The post rumen OM digestibility 
(P<O.02) and total tract OM digestibility (P<O.05) were higher for sheep fed SBM than 
for those fed FM. Sheep fed PP supplement tended (P<O.08) to have greater NDF 
intake. However, the amount ofNDF digested in the rumen (P<O.04), apparent NDF 
digestion in the rumen (P<O.05) and total tract DM digestion (P<O.02) were lower in 
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sheep fed CF than in sheep fed PP. Sheep fed PP supplement had higher (P<0.02) ADF 
intake and ADF digested in the rumen also tended (P<0.08) to be higher in these 
animals when compared to animals fed fed CF supplement. Total tract digestion of 
ADF in sheep fed PP supplement was greater (P<O.05) than those fed CF supplements. 
Protein supplements did not have any significant effects on fibre digestion. 
The amount of non-ammonia-non-microbial-N (NANM-N) was significantly 
(P<O.05) lower in sheep fed FM+CF than in sheep fed other diets. Microbial-N flow 
through the duodenum tended (P<0.08) to be higher in animals fed FM than in those 
fed SBM. Degradability of N in the rumen of sheep fed CF tended to be (P<O. 07) 
higher than that fed PP. The efficiency of ruminal microbial N synthesis based on 
DMADR, DMTDR, OMADR and OMTDR were similar in animals fed all diets. The 
effects of rumen dilution on ruminal microbial protein synthesis were not observed. 
The energy (E) produced in the rumen calculated from VF As produced per kg of OM 
digested were similar in animals fed all diets. However, the PIE ratios were low in 
sheep fed SBM+PP and FM+CF. 
It can be concluded that energy supplements influenced fibre intakes and fibre 
digestion and microbial yields in the rumen of sheep. Protein supplement influenced 
DM and OM digestion, but microbial yield in the rumen was not affected by protein 
supplements in sheep. 
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Satu siri kajian berdasarkan prinsip '4 x 4 Latin square' telah dilakukan untuk 
melihat kesan protein [meal ikan (FM) atau meal kacang-soya (SBM)] dan tenaga 
[pulp a kertas (PP) atau tepung jagung (CF)] sebagai suplemen terhadap bebiri 
memakan rumput guinea (mengandungi 1 .7 % N) ad libitum. Rawatan diet dengan 
susunan faktor 2 x 2 (protein x tenaga) ialah: FM+PP; FM+CF; SBM+PP dan 
SBM+CF. 
Tiga set kajian telah dilakukan. Kajian tersebut ialah degradasi makanan in situ; 
corak fermentasi rumen dan populasi mikrob; dan pengambilan makanan dan 
penghadaman, aliran nutrien dan metabolisme N dalam rumen. 
Dalam kajian pertama secara in situ, degradasi bahan kering (DM), bahan 
organik (OM), dan nitrogen (N) untuk SBM adalah lebih tinggi (P<O.05) daripada 
untuk FM' Peratus kehilangan DM, OM, 'neutral detergent fibre' (NDF), 'acid 
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detergent fibre' (ADF) dan N rumput guinea adalah lebih rendah (P<O.05) dalam bebiri 
diberi CF pada 12 j eraman berbanding bebiri diberi PP. Kadar degradasi 'c' DM, OM, 
NDF dan ADF rum put guinea paling rendah dalam beberi yang diberi suplemen 
protein SBM dan karbohidrat CF. Kadar degradasi 'c' N rum put guinea meningkat 
dalam bebiri yang diberi suplemen serabut (PP). 
Dalam kajian kedua, pH rumen adalah lebih rendah (P<O.05) pada 3 j selepas 
bebiri diberi makan CF bila dibandingkan dengan bebiri yang diberi suplemen PP. 
Peratusan molar asetat adalah lebih tinggi (P<O.05) untuk bebiri yang diberi PP 
daripada bebiri yang diberi CF. Bebiri yang diberi SBM+CF mempunyai kepekatan 
amonia rumen yang lebih tinggi (P<O.05) pada 0 dan 9 jam selepas diberi makan. 
Bebiri yang disuplemen SBM mempunyai kepekatan amonia rumen yang lebih banyak 
(P<O.05). Jumlah protozoa dalam bendalir rumen adalah rendah (P<O.05) dalam 
bebiri yang diberi FM+PP. Jumlah bakteria agak tinggi (P<O.07) dalam bebiri yang 
diberi FM . 
Dalam kajian ketiga, bebiri yang diberi SBM menunjukkan pengahadaman 
DM yang lebih tinggi dalam bahagian pos-rumen (P<O.06) dan dalam keseluruhan 
usus (P<O. 13). Aliran DM mikrob melalui duodenum adalah tinggi (P<O.04) dan 
aliran OM mikrob juga meningkat (P<O.06) dalam bebiri yang diberi CF daripada 
haiwan yang diberi PP. Digestibiliti OM di pos-rumen (P<O.02) dan digestibiliti OM di 
seluruh usus (P<O.05) adalah lebih tin�gi untuk bebiri yang diberi SBM daripada 
bebiri yang diberi FM. Bebiri yang diberi suplemen PP menunjukkan pengambilan 
NDF yang tinggi (P<O.08). Walaubagaimana pun, kadar yang rendah dilihat dalam 
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bebiri yang diberi CF untuk jumlah NDF yang terhadam dalam rumen (P<O.04), NDF 
yang terhadam ketara dalam rumen (P<O.05) dan DM terhadam dalam seluruh usus 
(P<O.02) daripada bebiri yang diberi PP. Bebiri yang diberi PP mempunyai kadar 
tinggi untuk pengambilan ADF (P<O.02) dan ADF terhadam dalam rum�n (P<O.08) 
bila dibandingkan dengan bebiri yang diberi suplemen CF. Penghadaman ADF dalam 
seluruh usus untuk bebiri yang disuplemen PP adalah lebih tinggi (P<O.05) daripada 
bebiri yang disuplemen CF. Suplemen protein tidak mempengaruhi penghadaman 
serabut. 
Jumlah 'non-ammonia-non-microbial-N' (NANM-N) adalah rendah (P<O.05) 
untuk bebiri yang diberi FM+CF daripada bebiri yang diberi makanan lain. Aliran N­
mikrob melalui duodenum adalah lebih tinggi (P<O.08) untuk bebiri yang diberi FM 
daripada haiwan yang diberi SBM. Degradasi N dalam rumen untuk bebiri yang diberi 
CF adalah lebih tinggi (P<O.07) daripada bebiri yang diberi PP. Kecekapan sintesis N­
mikrob rumen berdasarkan penghadaman ketara DM dalam rumen (DMADR), 
penghadaman sebenar DM dalam rumen (DMTDR), penghadaman ketara OM dalam 
rumen (OMADR) dan penghadaman sebenar OM dalam rumen (OMTDR) adalah sama 
untuk kesemua haiwan yang diberi kesemua diet. Kesan pencairan rumen terhadap 
sintesis protein mikrob .tidak dilihat. Tenaga (E) terhasil dalam rumen yang dikira 
berdasarkan asid lemak meruap terbentuk per kg OM terhadam adalah sama untuk 
kesemua haiwan yang diberi kesemua diet. Walaubagaimana pun, nisbah 
proteinitenaga (PIE) adalah rendah untuk bebiri yang diberi SBM+PP dan FM+CF. 
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Sebagai kesimpulan, suplemen tenaga mempengaruhi pengambilan dan 
penghadaman serabut dan penghasilan mikrob dalam rumen bebiri. Suplemen protein 
mempengaruhi penghadaman DM dan OM dan tidak mempengaruhi penghasilan 
mikrob dalam rumen bebiri. 
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CHAPTER I 
INTRODUCTION 
Tropical pastures are generally high in fibre but low in available N content, and 
this condition always limits rumen microbial growth and digestibility of feed. 
Ruminants rely on dietary and ruminal microbial protein as sources of amino acids 
absorbed in the small intestine. The higher the protein transferred to the intestine, the 
greater the response in the host animal. 
Protein supplement IS necessary to compensate low-N feed nutrients to 
promote microbial growth. There are various grades of protein which are either of 
low, intermediate and high ruminal degradability. Each group of protein is able to 
cause response in different types of rumen microorganisms (Wallace et al. , 1987; 
Newbold et al. , 1 989; Cruz Soto et al., 1994). Protein supplement may be 
ineffectively utilised in the rumen if appropriate energy sources are not available. 
Under such condition, protein breaks down into amino acids which undergo 
deamination process. The ammonia-N generated is absorbed and excreted in the urine 
in the form of urea (Nolan, 1993). 
In energy-deficit diets, additional energy input is necessary to optimise protein 
synthesis (poppi and McLennan, 1 995). Energy sources can be classified as non­
structural carbohydrates such as starch and sugar; structural carbohydrates 
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